49 



The Various Inclinations of the Electrical Axis of the Human 
Heart, Part Ia. — The Normal Heart : Effects of Respiration.^^ 

By Augustus D. Wallee, M.D., ¥.E.S. 
(Eeceived March 30,-— Eead May 14, 1914.) 

(Plates 3-6.) 

In my first account of the electrical action of the human heart,f I made no 
allusion to the influence upon the electrical pulse of the movements of 
respiration. I noticed that influence indeed which is especially well marked 
in my own case (where the heart happens to be of the complete horizontal 
type) but only as disturbing the demonstration, and in some cases 
rendering the direction of the pulse uncertain. I noticed in particular that 
when demonstrating the transverse effect from the two hands, best effects 
were shown by holding my breath in expiration, and that these effects were 
markedly diminished during deep inspiration. I imagined at that time that 
the effect was due to a disfavouring of current spread from the heart by 
reason of the distended lung, but was puzzled by the fact that with the axial 
lead (right hand and left foot) the electrical pulse was augmented during 
inspiration instead of diminished as was the case with the transverse lead. I 
did not, however, follow up the clue afforded by this discrepancy, and it was 
only much later, i.e. after the introduction by Einthoven of the string- 
galvanometer and the observations of Einthoven, Kraus and Nicolai, Samojloff 
and others, that the meaning of the discrepancy and with it the whole 
mechanism of the respiratory effects became clear. The variations of ampli- 
tude are, if not entirely, almost entirely due to the rise and fall of the 
diaphragm, raising and lowering the heart as a lever hinged at the aortic end 
and thus widening and narrowing the '' axial angle." (By axial angle I mean 
the angle formed with the vertical by the current axis of the heart or line of 
greatest potential difference at right angles to the equator 00.) 

In 1889 I represented this angle as being 45° to the left (and 45° to the 
right in cases of sittis viscericm inversus), and drew two series of curved 

* The method followed was the same as that followed for the observations of Part I. 
A Bock-Thoma galvanometer was vised for these observations, the deflections being 
standardised whenever necessary by a milHvolt switched into the circuit. For the 
careful comparison of values in different leads or between the values obtained at different 
times, a standard millivolt deflection was of course taken, and the proportional correction 
applied, if necessary. But in comparisons taken between the two sides of the body the 
standard deflection was found to be so invariable that it was often omitted. 

+ " On the Electromotive Changes connected with the Beat of the Mammalian Heart, 
and of the Human Heart in particular," 'Phil. Trans.,' B, vol. 80, p. 169 (1889). 
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equipotential lines at opposite ends of the heart. To-day I represent the angle 
as 30"^ to the left (it can range in healthy subjects between 10° to the right 
and 100° to the left), and draw straight equipotential lines, parallel with the 
equator, at right angles to the current-axis CO (fig. 1). To-day as in 1889 
I regard as essential the distinction between " strong " leads (left superior 
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FiQ. 1. — A typical heart with an oblique electrical axis, a = 30°. 
00 is the equator, CO the current-axis. Equipotential lines drawn parallel to the 
equator, and at right angles to the current-axis at regular intervals of 1/lOOOOth volt. 
a indicates the " axial angle " formed with the vertical MF bj the current-axis CC. 

tan a = 2 z;"^ where E and L are the electromotive values of the Eielit and Left 
R+L * 

inferior ventricular spikes. 

ML, and right inferior EF) and " weak " leads (right superior ME, and left 
inferior LF) (see figs.). The present diagram (fig. 1) is drawn so as to exhibit the 
relative values of potentialdifference between the led-off points R, M, L, F, by 
the number of equipotential lines which they include. Each unit = 1 x 10"^ 
volt. Thus e.g. in fig. 1 it is to be seen that (approximately) ME = 1*5; 
ML = 5*5 ; EL = 4*0 ; EF = 9*0 ; LF = 5*0 ten-thousandths of a volt. 

At pages 518-9* of the communication to which the present paper belongs 
it is stated that a full consideration of the effects of respiration upon the 
(amplitude of the) electrocardiogram is a necessary preliminary to the due 
understanding of the physiological and pathological departures from the 

* ^Eoy. Soc. Proc.,' B, vol. 86 (1913). 
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normal type. The consideration of the effects of respiration appeared to me 
at that time as a side-issue to be cleared up by a few carefully planned 
observations, whereas it now presents itself as an extremely simple exercise 
in elementary trigonometry on the main line of the principal argument. 

The essential distinction between favourable or strong leads (left superior 
and right inferior) and unfavourable or " weak " leads (right superior and left 
inferior) which was the principal result of my first investigation of the subject, 
afford, when their data are converted into simple ratios, sinusoidal curves 
which plotted upon millimetre paper exhibit directly the quantitative relations 
between the electrical effects of the heart, whether horizontal or vertical (as 
described in Part I) or at various inclinations in accordance with respiratory 
alterations of the cardiac axis. 

The facts will be best presented by a detailed account of two typical cases. 

The Case of B. 0. B. — An Oblique Heart, 

Fig. 2 (Plate 3) gives the transverse, right inferior and left inferior records 
taken simultaneously with the record of respiration slow and deep so as to 
emphasise the effects upon the heart, which in this subject had been 
determined as having an electrical axis forming an angle not exceeding 30° 
with the vertical during quiet breathing. 

The amplitude of the spike in the transverse record varies between a 
maximum of 20 mm. in expiration and a minimum of 15 mm. in inspiration. 
The waxing and waning is very regular and at once suggests a sinusoidal curve. 

In the right inferior record the respiratory variation of amplitude is much 
less pronounced and regular within a range that may be taken as 27*5 mm. 
in expiration and 24 mm. in inspiration. 

In the left inferior record the variation is regular and large and suggestive 
of a sinusoidal curve. The range is measured as between the values = 6 mm. 
immediately after the culmination of expiration, and = 14 mm. during 
inspiration. (In these three records the deflection by 1/1000 volt through 
body and galvanometer was 18 mm.) 

From these values right and left below the heart we calculate that : — 

The expiratory tan a = 2 •^--~ = 1*28, .*. a = 52°. 

^ _ 27*54-6 

24—14 

The inspiratory tan a = 2 — - = 0*53, .*. a = 28°. 

^ -^ 24+14 

Diff. = 24° 

In the right superior record the respiratory variation is small and fairly 
regular between values that may on the average be taken as = 5 mm. in. 
expiration and = 7*5 mm. in inspiration. 

E 2 
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In the left siiperior record the variation is large and fairly regular between 
values = 26 mm. in expiration and = 18 mm. in inspiration. 

The right and left measurements give for the superior angle a above the 
heart the following values : — 
In expiration — 



In inspiration- 






Diff. = 12^ 

From these results we see that in the case of an oblique heart the effect of 
inspiration is to weaken the strong leads and to strengthen the weak leads. But 
this rule, while affording a useful mnemonic, is applicable only to oblique and 
vertical hearts.^ The inspiratory diminution of the superior angle has in this 
case come out as 12^, as compared with 24P for the inferior angle. This is as 
might be expected from the fact that the basal attachment of the heart 
cannot be rotated to the same extent as its apical free portion. Obviously 
we cannot expect that the angle calculated above the heart from the three 
points M, E, L, should necessarily be identical with that calculated below the 
heart from the three points F, E, L. 

(The records of this case incidentally afford a striking example of the 
variations of pulse-frequency that are associated with the two phases of 
respiration, sometimes in the human subject, always in the dog. I have 
discussed them elsewhere under the title '' Dog Pulse.^'f Their consideration 
does not belong to this portion of the subject.) 

The Case of A. D. W,—A Heart of the Horizontal Type. 

Fig. 3 gives the transverse, right inferior, and left inferior records taken 
simultaneously with a record of respiration, slow and deep so as to emphasise 
the effects upon the heart, which in this subject had been determined as 
having an approximately horizontal electrical axis. The spikes of the weak 
leads (right superior and left inferior) are accordingly reversed, as was 
explained in Part I. 

In the transverse records the respiratory variations of the spike are regular 
and large, between values =15 mm. in expiration and = 10 mm. in inspira- 
tion. It may be noticed in this record that inspiratory diminution goes on 

* I speak of hearts as " vertical," " oblique," and " horizontal," according as the axial 
angle a is between 0° and 30°, 30° and 60°, 60° and 90°. The contrasted types are vertical 
and horizontal ; oblique hearts belong to the vertical type. 

t ^Physiol. Soc. Proc.,' June 28, 1913. 
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into the beginning of expiration, and that the expiratory augmentation goes 
on into the beginning of inspiration. This lag is probably mechanical, the 
pneumograph begins to indicate sooner than the heart begins to be raised and 
lowered. The effects are similar to those seen with the vertical heart, viz., 
inspiratory diminution, expiratory augmentation. 

In the right inferior record the respiratory variations of amplitude are 
regular and relatively large, Le. in relation to the absolute magnitude of the 
spike, which in the horizontal heart is small. The range is approximately 
between 6 mm. in expiration and 9 mm. in inspiration. 

The left inferior record exhibits the negative spike characteristic of the 
horizontal or soft heart, and with respiration well marked augmentation 
during expiration and diminution during inspiration. The values as read on 
this record reach to —13 mm. at the end of expiration and to —6 mm. at the 
end of inspiration. 

The angles as calculated from these right- and left-hand values are : — 

In expiration — 



In inspiration- 



tan a = 2 



tan a = 2 



9-1-13 44 



9 

6-f-6 



13 -4 



= -11, 



a = 95°. 



= 0, 



a = 90° 



The values for the right and left superior leads of this subject (of which 
tracings are not reproduced here) were as follows : — 





Eight superior. 


Left superior. 


tana. 


a. 


In expiration 


mm. 

-5-0 

-2-5 


mm. 

7-5 

10-0 


5-0 

1-67 


o 

79 
59 


In inspiration 





Eeviewing the results of this case of horizontal heart as to the general 
effects of respiration in comparison with the results obtained for the oblique 
or vertical heart, it appears that these effects with inspiration are as 
follows : — 





B. 0. B. 

Vertical (and oblique). 




A. p. W. 

Horizontal. 




TransTcrse spike 

Right inferior spike 
Left „ ^ „ 
Eight superior „ 
Left „ „ 


Decrease from 20 '0 to 15 '0 mm. 

„ 27 -5 „ 24 -0 „ 

Increase „ 6"0 ,, 14*0 „ 

,, ,, 5 '0 ,, 7 '5 „ 

Decrease „ 26 '0 ,, 18 '0 „ 


Decrease from 15 '0 to 
Increase „ 6 '0 „ 
Decrease „ — 13 '0 „ 
., ,, 5 *0 „ 
Increase „ 7 '5 „ 


10 -0 mm. 

9-0 „ 
-6-0 „ 
-2-5 „ 

10-5 „ 
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There is at first sight a flagrant discrepancy between the effects of respira- 
tion upon the two types of heart. The only case in which the effect is similar 
in both is that of the transverse lead. The provisional rule framed 
above for the vertical heart — inspiratory weakening of strong leads and 
strengthening of weak leads — is evidently inapplicable to the horizontal 
heart. The cases of the right superior and left inferior (decreased 
negative spike) are indeed amenable to it, since decreased negative as well 
as increased positive amount to electrical strengthening. But the cases of 
the left superior and right inferior, where after some uncertainty it became 
clear that a positive spike is increased for the horizontal, decreased for 
the vertical heart, are in apparent contradiction of the rule. 

Graphically expressed the angles in the two subjects B. 0. B. and A. D. W. 
in inspiration and in ex]3iration are as follows : — 

lnsp.fy/| M 



Exp95 





"5R 
28^ 



F F 

B.O.B. A.D.W 

Fig. 4. — Diagrams to indicate the value of the axial angle a in inspiration and in 
expiration of the subjects B. O. B. and A. D. W., calculated from the electromotive 
values of the right and left superior spikes and of the right and left inferior spikes. 





B. 0. B. 


A. D. W. 


tan a. 


a. 


tan a. 


a. 

o 

59 
79 
90 

95 

j 
i 


Supr. insp 


18-7-5_10-5_^.^j^ 

18 + 7-5 25 -5 

26-5 _ 21 _ Q.gg 

26 + 5 31 
2 24-14 _20 _^g3 

24 + 14 38 
227-5-6 _ 43 _^,2g 

27-5 + 6 33-5 


o 

22 
34 
28 
52 


10 + 2-5 12-5 g- 

]0-2-5 7-5 

7-5 + 5 _ 12 -5 _ g 

7-5-5 2-5 

2^ ^ -0 
6 + 6 

^9 + 13 _ 44 __j^ 
9-13 -4 


Supr. exp 

Inf. insp 


Inf. exp 





But the general relations between the varying "strengths" of leads in 
different hearts and in different phases of respiration will become most clear 



Electrical Axis of the Human Heart. 55 

from a consideration of the simple trigonometrical ratios of a varying axial 
angle. 

The transverse lead is the simplest to consider, and its simplest case is that 
of the horizontal heart in which the axial angle during quiet respiration is 
90°. In this position, regarding the heart as forming (electrically) a 
horizontal lever, it is evident that with this type of heart the transverse 
electrical effect has its maximum value, and that the effect must be 
diminished by either rise or fall of the diaphragm ; the diminution will be 
proportional to the sine of the altered axial angle. Taking as unity or 
10 this maximal value with the chest at rest, we shall have the altered 
values = 9*8, 9*4, 8*7, 7'7, 6*4, 5*0, if with fall of the diaphragm the angle 90° 
is changed to 80°, 70% 60% 50% 40% 30° 

Thus the theoretical alterations of magnitude in the transverse lead with 
alterations of the axial angle must be in ratio with the numerical values of 
the sines of the altered angle. And as the reference curve to which to com- 
pare our observations we have the simple curve of sines : — 

1736 3420 5000 6428 7660 8660 9397 9848 10000 
at 0° 10° 20° 30° 40° 60° 60° 70° 80° 90° 

The superior leads, right and left, come next in order of simplicity. The 
former (mouth and right hand), as stated in 1889, is " weak," being most 
nearly in accordance of direction with the direction of the equator ; the latter 
is '' strong," being most nearly in accordance of direction with the direction 
of the current-axis. The angle EML (fig. 1) is taken as being == 90°. In the 
case of the horizontal heart with the axial angle = 90° it is evident that 
the electrical effects along ME, ML, are equal and opposite, with values 
= + KL(cos 45°)^ = ± 50. With the axial angle altered ± 10° by respira- 
tion the effects become : — 

Along ME = 100 cos (45°+ 10°) x cos 45° = 40, 

and along ML = 100 cos (45°— 10°) x cos 45° = 58. 

With a perfectly vertical heart, i.e. with an axial angle = 0% the effects 



are again equal, viz , 100(cos 45 )^ = 50. 

The theoretical alterations of magnitude of the superior leads with 
alterations of the axial angle must be in numerical ratio with the cosines 
of the altered angle. We have as the reference curve to which to com- 
pare our observations, a simple sine curve formed by the tabular values 
of cosines multiplied by a constant factor to correct for projection between 
EL and the two sides ME, ML — in this case multiplied by cos 45°. The 
electromotive values for the superior leads for values of the axial angle from 
0° to 90° are thus :— 
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Left superior 


Right superior 






cos 45° X cos (45° — a). 


cos 45° X cos (45° + a). 




o 




5000 


5O0O 




10 


5793 


4056 




20 


6409 


2988 




30 


6829 


1830 




40 


7014 


0616 




45 


7071 


0000 




50 


7014 


-0616 




60 


6829 


-1830 




70 


6409 


-2988 




80 


5793 


-4056 




90 


5000 


-5000 





It will be noticed that the right-hand values steadily diminish as the axial 
angle increases from 0° to 90° from their maximum of 50 to their minimum 
of —50, passing through the value when a = 45 ; that the left-hand 
values between a = 0° and a = 90° increase from 50 to a maximum of 
71 (7071) at 45° and then decrease again to 50. The right-hand lead is 
''weak," the left-hand lead is "strong/' In the strong lead the first 
ventricular wave Vi is positive in both types of heart — vertical and 
horizontal. It is increased by inspiration in the horizontal heart, decreased 
by inspiration in the vertical heart. 

In the formulae given above, for the calculation of the numerical values of 
right and left superior leads, we have taken the vertical angle at M = 90°, 
so that the semi-vertical angle M/2 = 45° [and that the formula for 
calculating a from known values of E and L is : tan a = (L — R)/(L -h li)]. 
Generalising for any value of M the formulae for the superior leads 
become : — 



For left-hand values — 



For rio;ht-hand values — 



M /M \ 

cos— -X cosi— — « 

M /M , 

cos— -X cos -^-i-ci 



and for calculation of a from known values of R and L, 

,M L-R 
tan a. = cot ■— - . - — ~ . 

2 L + R 

The right and left inferior leads (right hand and either foot, left hand 
and either foot) are at first sight somewhat less simple, but they are 
readily simplified. As was shown in my first observations of 1889, the 
two feet are practically isoelectric, and we may therefore regard as being 
electrically identical the two right inferior leads (axial and right lateral) 
and the two left inferior leads (equatorial and left lateral). The two feet 
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are thus taken to be represented by a single point F. The right-hand lead 
RF, being most parallel to the normally oblique current-axis, is the strong 
lead ; the left-hand lead, being least parallel to the current-axis, is the weak 
lead. 



The general formulae for the inferior leads are :- 



For right-hand values- 



xcos(F/2 — a). 



cosF/2 

For left-hand values — — -— x cos (F/2 -f- a), 

cos 1^/2 ^ ' ^ 

and for calculation of a from, known values of E and L 

, J F It — L 

tan a = cot - x — — - . 

2 R-\-L 
In Part I the angle F has been taken as 53°, so that F/2 =: 26*5° and 

Ja, Xj 



tan a = 2 



E + L 



. The values of E and L at different values of u are now — 



For the right side- 



For the left side- 



—^—-,x cos (26-5^ --a), 
cos 26*0 

-i-— xcos(26-5° + a). 
cos 26*5 



The results come out as follows :- 





Right inferior 


Left inferior 






cos(26-5°-a)/cos26-5°. 


cos (26 -5° + a)/cos 26 -5^ 




o 




1000 


1000 




10 


1071 


898 




20 


1110 


769 




30 


1115 


617 




40 


1086 


445 




50 


1024 


261 




60 


932 


68 




70 


811 


-126 




80 


665 


-317 




90 


500 


-500 





Similarly, we may work out the values of the leads which have been 
assumed above as identical, i.e, right lateral and axial, left lateral and 
equatorial. But it would be tedious and unnecessary to give this in detail, 
since, as will presently be seen, the results are most easily and quickly 
obtained by a geometrical model, which gives immediately the results that 
have been considered up to this point. This model is intended also to 
render evident the meaning of the apparent discrepancies between vertical 
and horizontal hearts as regards the effects of respiration, and to give 
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geometrically the theoretical values of the first ventricular spike Yi in all 
leads at all values of the axial angle a. 

The quadrilateral figure (fig. 5) EMLF, in which CM = -|(LE) and LE = OF, 
so that cot J the vertical angle at M = 1, and cot J the vertical angle at F = 2, 
represents at its points the leading-off points mouth, hands, and feet. It 
is pinned by its centre to the centre of a field ruled in parallel (equi- 
potential) lines ; each division in this figure represents 1 x 10~^ volt, so that 
10 divisions are equivalent to 1 millivolt. Lines at right angles to the equi- 
potential lines (not drawn) would represent lines of force ; the arrow CO 
through the centre of the field represents the current-axis, the line 00 at 
right angles to CC represents the equator. 

The figure and the field can be. rotated in relation to each other round the 
centre C, so that the current-axis CC is placed at any given angle from the 
vertical. The figure being weighted so as to remain vertical, the field when 
tilted gives any desired inclination of the current-axis, and the points 
E, M, L, F, occupy positions upon the field that indicate directly the potential 
differences between them, i.e., in the different leads. Thus, e.g., if the current- 
axis is inclined 30^ the values in relation to of the four points E, M, L, F, 
will be respectively 4- 2*5, -f 4'7, — 2*5 and — 8-6 above and below zero, and 
the potential differences in the various leads will be given by the differences 
of level between various pairs of points, as follows : — 

Current-axis = 30° with vertical (as in fig. 1). 

ME (right superior) 43-25= 18 x lO'^ volfc 

ML (left superior) 43 + 25= 68 „ 

EL (transverse) 25-h25= 50 

EF (right inferior) 86 + 25 = 111 „ 

LF (left inferior) 86-25= 61 „ 

MF (longitudinal) 86 + 43 = 129 

Obviously as regards the two sides of the body, ME and LF are relatively 
'' weak " leads, ML and EF are relatively " strong " leads. Similarly the 
potential difference in the several leads can be determined for any value 
of a by pricking off the positions of the points M, E, L, F, and measuring off 
the differences of level between pairs of points. It will be realised at once 
that with high values of « the direction of the weak leads is reversed — • 
e.g. at 80° the right superior potential difference is seen to be — • 40 and the 
left inferior potential difference —32. At 90° both weak leads = — 50 and 
both the strong leads = +50. 

Plotted out upon squared paper the values thus obtained give the curves 
represented in fig. 6, which are obviously sinusoidal curves, most obviously 
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Fig. 6. — Curves givingthe 
electromotive values of 
tlie several heart leads 
v^ith values of the axial 
angle a from 0° to 90°. 
The value of, e.g. the 
transverse lead in- 
creases v^ith increase of 
a ; it decreases v^ith 
inspiratory decrease of 
a. The value of, e.g. 
the left inferior lead 
decreases with increase 
of a and becomes nega- 
tive w^hen a is above 
64°. The negative left 
inferior spike of a 
horizontal heart is 
diminished by a deep 
inspiration and can 
sometimes be reversed 
to positive. The posi- 
tive left inferior spike 
of an oblique heart is 
increased by inspira- 
tion and can sometimes 
be reversed to negative 
by a maxim.um effort of 
expiration. See figs. 7 
and 9. 
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so for the transverse values, which can be directly read off from a sine 
table ; for the other leads the curves can be verified by working out their 
appropriate formulae. Fig. 6 is useful as showing at a glance the theoretical 
values to which the observed values must approximate in the several leads 
with hearts of various inclinations, and as regards the present paper affords 
the readiest mode of explanation of the otherwise somewhat perplexing 
effects of respiration upon the amplitude of the electro-cardiogram. Inspira- 
tion by reason of descent of the diaphragm and elevation of the ribs causes 
a clockwise rotation of the electrical axis of the heart, i.e. a diminution of 
the angle oc above and below the heart. Beading the appropriate line on 
fig. 6 from right to left, i.e. in the direction of inspiratory decrease of a, we 
see by its rise or fall whether and how much increase or decrease of the 
ventricular spike is to be anticipated. Thus the transverse must be 
decreased with inspiration (or increased with expiration) ; the longitudinal, 
the right superior, and the left inferior increased. And as regards the 
troublesome case of the two strong leads we realise at a glance how it 
happens that at high values of a, i.e. with a " horizontal " axis, we find 
inspiratory increase of the strong leads ; whereas at low values of u, i.e. with 
an axis at less than 30^, we find inspiratory decrease. 

This figure also supplies an explanation of the following two experiments, 
one or other of which can nearly always be repeated with success upon 
a heart of which the electrical axis happens to be of suitable inclination : — 

Exioeriment 1. — With an approximately horizontal heart the normally 
negative left inferior spike may be abolished and rendered positive during 
maximal inspiration. An example of this experiment is given in fig. 7. 

Experiment 2. — With an oblique heart {a = 30^ to 45°) the normally 
positive left inferior spike may be abolished and rendered negative during 
maximal expiration. An example of this experiment is given in fig. 8. 

[Note. — It is not always easy to decide what are the actual measurements 
to be taken for calculation. In simple cases, i.e., in cases of vertical heart 
where Vi is large and positive on both sides, there is no difficulty in 
determining these values. N"or is there any serious ambiguity for the case 
of the clearly horizontal heart where Yi is large and at once negative. But 
the not infrequent cases where Vi is double, composed of a small positive 
followed by a large negative, or of two small positives separated by a negative 
movement, cannot be dealt with with the same degree of certainty. The 
indicator does not take up a decided position, the current axis resultant from 
opposed and nearly balanced forces fluctuates to and fro, and the obvious 
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fluctuation produces in the mind of the observer a corresponding state of 
indecision as to what value is to be taken for difference of potential during 
the three to four hundredths of a second of the presystole while the chemical 
and electrical changes preparatory to contraction are proceeding. I have 
given much thought to such doubtful cases, and made many attempts to 
synchronise fluctuating records and to calculate the fluctuating angle at 
definite points during the initial period of systole, but without any satis- 
factory result ; the fluctuations have proved to be too rapid, to allow of any 
satisfactory establishment of corresponding points in time between different 
records, even when such records have been taken simultaneously. I have 
therefore for the present abandoned the attempt, and taken for these 
doubtful cases maximal and minimal values, whether positive or negative, 
and calculated separate values of a from such values, duly noting, of course, 
their doubtful character. An example in point is given in Part I at p. 520, 
the case of Dr. E. 

I have not fou.nd it possible to make any satisfactory correction for 
asynchronism between the initial and culminating points of the transverse 
and lateral spikes, and have taken into formula only the values of the right 
and left lateral (inferior) spikes, of which, according to my observations, the 
asynchronism is so small as to be negligible.] 



Values of Vi in the several Leads at Different Values of the Axial Angle. 
(Taken by direct readings of the model to the nearest millimetre.) 





I. 


ill. 


III. 


IV. 


V. 


VI. 




Transverse. 


Right 
inferior. 


Leet 
inferior. 


Eight 
superior. 


Left 
superior. 


Longitudinal. 


o 







100 


100 


50-0 


50 


150 


10 


17 


107 


90 


40-5 


58 


148 


20 


34 


111 


77 " 


30-0 


64 


141 


30 


50 


111 


62 


18-0 


68 


130 


40 


64 


109 


45 


6-0 


70 


115 


50 


77 


102 


26 


- 6-0 


70 


96 


60 


87 


93 
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-18-0 


68 


75 


70 


94 


81 


-13 


-30 -0 


64 


51 


80 


98 
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-40-5 


58 
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100 


50 


-50 


--50-0 


50 
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Values of Vj in the Inferior Leads, taking into reckoning a Difference of 

Potential between the two Feet. 





Left inferior. 


Right inferior. 


Left 
longitudinal. 


Right 
longi- 
tudinal. 


Inferior 
transverse. 


Left 
lateral. 


Equatorial. 


Eight 
lateral. 


Axial. 


o 


10 
20 
80 
40 
50 
60 
70 
80 
90 


100 

91 

79 

64 

48 

30 

11 

-8 

-27 

-45 


100 
89 

75 

58 

41 

22 

2 

-18 

-37 

-55 


100 

106 

109 

109 

105 

99 

89 

76 

62 

45 


100 

108 
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113 

111 

106 

98 

86 

72 

55 


150 

149 

143 

132 

118 

100 

79 

56 

31 

5 


150 

147 

139 

128 

112 

93 

71 

47 

21 

-5 


0-0 
1-7 
3-4 
5-0 
6-4 
7-7 
8-7 
9-4 
9-8 
10-0 



I have repeated these two experiments many times and have rarely failed 
to bring off either the first or the second upon the subjects who have 
submitted themselves to one or other of the two. I have failed to effect 
complete reversal in only one or two cases where the electrical axis was 
above the horizontal or very nearly vertical. 

With a slight modification the model given in fig. 5b serves to indicate 

the nature and amount of the slight differ- 
ences observable between the two pairs of 
inferior leads in consequence of the slight 
differences of potential that are produced at 
the two feet by the systolic spike Yj. The 
potential-difference between the two feet in 
what may be termed the inferior transverse' 
lead is in the same direction as that of the 
hand-to-hand potential-difference, but of 
much lower value. The inferior transverse 
= 1/20 to 1/5 of the (superior) transverse ; 
as an average for the purpose of calculation 
it is taken here = 1/10, and represented on 
the fig. 5b by the horizontal line rl 1 cm. 
long across the point F. 

If now the positions of the two points 

' ^ ' T, I (representing right and left foot), are 

calculated for values of ot from 0^ to 90°— or pricked off on the model — 

and plotted as before, the curves given in fig. 9 are obtained showing 
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Fig. 9. — Curves con- 
structed in a similar 
manner as those 
given in fig. 6, to 
show the slight differ- 
ences of the electro- 
motive value of the 
spike Vi in the in- 
ferior transverse lead 
and in the two right 
inferior leads (axial 
and right lateral) and 
in the two left in- 
ferior leads (equa- 
torial and left lateral). 
The numbers along 
the curves in this 
fig. as in fig. 6 express 
1/lOOOOOths of a volt, 
e.g.^ 108 signifies 
0-00108 volt. 
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clearly the theoretical values of the differences in the several inferior 
leads— axial and right lateral, equatorial and left lateral — which in fig. 5a 
were assumed to be identical under the designations right inferior and left 
inferior on the assumption that the two feet might be regarded as isoelectric* 
By reference to this figure it is easy to satisfy himself what order of error 
can arise by regarding the two feet as isoelectric, and to understand without 
effort certain minor but otherwise puzzling discrepancies met with in certain 
hearts when the several inferior leads are compared by means of a highly 
sensitive instrument. Thus e,g, it is obvious at a glance that such dis- 
crepancies become more sensible in " horizontal " than in '* vertical '' cases, 
and that e.g, a 64° heart offers the paradoxical instance of a positive left 
lateral and a negative equatorial spike. And the observation which I have 
frequently made without thoroughly understanding it to the effect that an 
equatorial spike is smaller than the left lateral when positive, but the larger 
of the two when negative, is rendered obviously intelligible. Likewise that 
mentioned without comment in Part I, p. 510, of this paper that the left is 
sligiitly larger than the right longitudinal spike.f 

The two experiments described above can be repeated with advantage 
in view of this second diagram model, upon consideration of which 
it will be apparent that in repeating Experimerit 1 the left lateral is 
slightly more favourable than the equatorial lead, and that in repeating 
Experiment 2 the equatorial is slightly more favourable than the left 
lateral. 

The differences of value between axial and right lateral and between 
equatorial and left lateral are obviously small, and their absolute measure- 
ment involves a large relative error. For instance, in the case of J. C. W. the 
values come out as follows : — 



^ In my first communication (' Phil. Trans.,' 1889, p. 191) the two feet are given as 
being isoelectric, although I was well aware of the fact that theoretically there should be 
a slight P.D. between them. 

+ In that connection, speaking only of the four leads between the mouth and four 
extremities, I used the expression right and left superior and inferior, whereas for right 
and left inferior I should have used the designations right and left longitudinal, in 
accordance with the terminology of the present paper, where right and left inferior refer 
to hands and feet. The table given on p. 510 should read accordingly : — 

Eight superior 3 ( = 0-00023 volt) 

Left superior 15*3 (= 0-00118 „ ) 

Right longitudinal 16*5 (= 0-00126 „ ) 

Left longitudinal 17*5 (= 0'00135 „ ) , 
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Transverse. 0*0020 volt. 

Eight lateral 0-0024 „ 

Axial 0-0028 „ 

j^ett; lateral .»».»•..»•.••.. u-uuio j, 

Equatorial.... 0'0012 „ 

Inferior transverse 0-0002 „ 

Pathological Applications, 

The various applications of the electro-cardiogram to clinical diagnosis ol 
heart lesions fall into two chief divisions : Class A, in which the indicatioms 
are certain ; Class B, in which they are uncertain. Class A is represented b j 
the arhythmiae ; no mistake is possible e.g. as to alterations of frequency and 
rhythm, coupled beats, auriculo-ventricular dissociation. Class B includes 
among many others the supposed electrical signs of right and left ventricular 
hypertrophy and of partial interruptions of auriculo-ventricular conduction. 
It is as regards Class B that I believe it to be most necessary to pay attention 
to the physical relations of the normal heart. 

The electrical signs that are accepted by clinical authorities as associated 
with right ventricular hypertrophy as expressed in clinical language are 
'' small Ep large E^jp" or, as I prefer to express it, small transverse, large 
left lateral spike. These are, as has been explained above, physical evidence 
of an approximately vertical electrical axis. The great majority of clinical 
observers agree in sfcating that this combination of small E^ and large Ejjj 
is common in mitral disease, and that it signifies hypertrophy of the right 
side of the heart. I have seen many cases during the last three years that 
are in agreement with this statement, but, on the other hand, I have during 
the last 20 years met with still more numerous cases of apparently perfectly 
normal persons that presented this combination, and have only inferred that 
they possessed vertical hearts. I have become accustomed to expect to find 
this combination in infants and in any tall healthy young man accustomed t© 
take plenty of open-air exercise. Therefore, without presuming to express any 
opinion as to the clinical value of this sign of right ventricular hypertrophy, 
I do venture to say that in the first instance our reasoning from the sign shoulGl 
be limited to the conclusion that in its presence the electrical axis of the 
heart must be vertical or directed to the right, and bear in mind that this 
indication is presented by the hearts of many normal persons. The diagnosis 
of right ventricular hypertrophy has to be established on independent clinical 
grounds. 

The electrical signs that are presented as being significant of left 
ventricular hypertrophy are, in clinical language, large Ej, small or reversed 
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Ejjj, 01% as I express it, a large transverse and a small or reversed left lateral 
spike. Precisely similar considerations apply to this sign in relation to 
diagnosis as have heen just stated as regards the right side of the heart. 
I have seen cases that agree with the clinical statement (but others that do 
not), and I have seen far more numerous cases of normal persons with small 
transverse and negative left inferior spikes, and have inferred therefrom that 
the electrical axis of the heart was approximately horizontal. T have met 
with this sign at all ages and in all conditions of health, and have become 
accustomed to expect to find it in ancemic young women and in aged persons 
of either sex. I associate it in my mind with a soft or flabby heart muscle, 
but possess no confirmatory 2^ost~mortem evidence of tb.at impression. 

The electrical signs that are presented as being significant of interruption 
of the right (or left) branch of the auriculo-ventricular bundle of Kent and 
His consist essentially in a reversed and prolonged R^jj- resembling a left 
ventricular extra-systole, but occurring in sequence to an auricular con- 
traction. All the cases hitherto reported which have been confirmed by 
post-mortem examination have been on the right side, and have been charac- 
terised electrically intQxc vitam by a negative left lateral deflection, which 
lias been accepted as an indication of ventricular contraction initiated on the 
left side. I shall not venture to deny the possible accuracy of the chain of 
argument upon which the diagnosis of the interruption depends, but in 
estimating probabilities I think it should be clearly realised that a negative 
left lateral deflection is of frequent normal occurrence. 

In Part I of this paper it has been shown that the inferior angle a varies 
within a very wide range ( — 10° to -1-100°) with the shape and position of 
the heart. A presumably '' soft " heart, of which the muscle is deficient in 
tone, is sessile upon the diaphragm, and its electrical axis is approximately 
horizontal. With '/ hard '' muscle the heart, even during diastole, is more 
Bearly erect upon the diaphragm, and its axis is more nearly vertical. The 
axial angle is decreased by inspiration, increased by expiration ; it is 
decreased by muscular exercise, increased by re|)letion of the stomach. I 
think that it is extremely probable that to this series of statements it may be 
added that, pathologically, the angle is decreased by engorgement of the 
right side of the heart (as occurs e.g. in mitral disease), so that the 
electrical axis may be vertical or actually directed to the right, and increased 
by hypertrophy of the left side especially (as occurs e.g.. in aortic disease), so 
that the axis may become horizontal. But since both these conditions, 
i.e, axis to the right and axis horizontal, are compatible with a normal state, 
I do think that either a remarkably large left lateral spike or a reversed left 
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lateral spike is to be admitted as affording ^jer se proof of the existence of 
right or left hypertrophy or dilatation. 

Considering, further, that a negative left lateral spike is of frequent 
occurrence in the normal as well as in the diseased heart, it cannot be 
admitted as affording per se proof or even evidence of an interruption of the 
right branch of the auriculo- ventricular bundle. The facility with which in 
certain hearts a positive left lateral spike can be rendered negative is such as 
to forbid us from admitting a temporary reversal as an indication of 
temporary interruption of conduction to the right ventricle. 

[N'ote added May 23, 1914. — By courtesy of Dr. Part of the National 
Hospital for Diseases of the Heart, I am able to complete the account of the 
cases of A. D. W. and of J. C. W. by the reduced skiagraphic outlines 
(fig. 10) of their hearts in the positions of deep inspiration and expiration. 
The outlines of the heart and diaphragm indicate approximately the anatomical 
alterations corresponding with the electrical alterations given in figs. 7 and 8. 
There is, however, in these cases no absolute correspondence of axial angles 
to be made out between the anatomical and the electrical estimates. The 
skiagrams required the breath to be held for several seconds in inspiration 
and in expiration respectively. In general, the correspondence between the 
anatomical and the electrical axial angle is not very close. As a rule the 






Insp. 




A.D.W 



J.C.W 



Fig. 10. 



right and left electrical effects of the infantile heart which is mesial may 
be expected to be about equal, while in the senile heart which tends to 
become horizontal the left hand inferior spike is more usually negative. 
But cases occur of apparently normal as well as of diseased hearts (e.g, 
mitral diseases) where the left inferior is larger than the right inferior spike 
(implying an electrical axis directed to the right and a reversed transverse 
spike), but where the anatomical axis is distinctly directed to the left. Cases 
also occur of reversed left inferior spike where the electrical axis comes out 
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68 Mr. Hainan and Dr. Marshall. 

as greater than 90°, i.e, directed upwards to the left, but where the anatomical 
axis is distinctly less than 90°, Le. directed downwards to the left.] 



Corrigenda in Part I, ' Eoy. Soc. Froc./ B, vol. 86. 

Page 512. In the second line of tlie footnote tan ■= should read tan a =. 

Page 514. Last line, tan a = — — — should read tan = 2 — — — . 

xv + Xj Ji + ju 

Page 520. The record of the right superior lead is placed upside down. The first 
ventricular wave is actually negative. 

Page 525. The numbers 36 and 47 in the last column (15th and 16th from bottom) 
should be transposed. 



On the Relation hetiveen the Thymus and the Generative Organs 
and the Influenee of these Organs u23on Groivth. 

By E. T, Halnan and E. H. A. Makshall. (With a Note by G. Fdny 

Yule.) 

(Communicated by Prof. J, N. Langley, F.E.S. Eeceived April 4, — 

Read June 18, 1914.) 

Calzolari was the first to show that in castrated male animals the absolute 
weight of the thymus is larger than that of the same gland in normal 
animals. The experiments were made upon six rabbits, which were 
castrated when between one and three months old and killed at various 
periods afterwards up to nine months, each rabbit being compared with a 
control. Subsequently Henderson carried out a statistical investigation 
upon the weight of the thymus in cattle, and showed that in these animals 
castration caused a persistent growth and a retarded atrophy of the gland. 
Henderson also records two experiments upon guinea-p)igs by Noel Paton, 
and the results of these are confirmatory of the observations upon cattle. 

The possible reciprocal action of the thymus upon the testis was 
investigated by Noel Paton, who removed the former organ from 24 young 
guinea-pigs and killed them when they attained weights varying from 
115 to 355 grm. These animals were compared with 23 normal guinea-pigs 
kept as controls. The conclusion reached was that in guinea-pigs below 
300 orm. {i.e., prior to the time when the thymus usually atrophies) 
thymectomy is followed by a more rapid growth of the testes. In guinea- 
pio-s above 300 grm. Paton found that the difference in weight of the testes 
in thymusless and normal animals was not manifest. The figures upon 




Fig. 2.^Tiie Case of B. O. B. An oblique heart. Effect of respiration upon the electrocardiogram (and ujion tlio imlse-frequcncy) ^ 
in the truiisve?-se, 7-igkt inferior and left inferior leads. 

In the transverse lead (upper line) the ventricular spike Vi is distinctly diminished during inspiration. 

In the right inferior lead (middle line) it is on the whole diminished during inspiration. 

In the left infei-ior lead (lower line) it is distinctly increased during inspiration. 

The pulse-frequency in this case (as shown by the thin line between dots) is greater during inspiration than during expiration. 
The phases of respiration are recorded simultaneously with the electrocardiogram. 
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i. S.^Thk Case of A. D. W. A lunizuntal heart. Effect of respiration upon the electrocardiogram (and upon the pulse- 
frequency) in the transverse, right inferior and left inferior leads. 

In the transverse lead (upper line) the ventricular spike is distinctly diminished during inspiration. 

In the riffhi inferior lead (middle line) it is increased during inspiration. 

In the left mferiar lead (lower line) the ventricular spike is negative, and this negative spike is diminished during inspiration. 

The pulse-frequency (indicated only in the transverse record) is slightly increased during inspiration. 
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Fig. 7.- — The Case of A. D. W. Experiment 1. A liorizontal heart. Effects of deep inspiration uiion the right and left lateral 
(inferior) records. 

The right lateral spike Vi is increased during deep respiration. 

The left lateral spike Vj. which is normally negative in this subject, is rendei'ed positive during deep inspiration. At the 
same time the auricular peak a, which is positive, is augmented. 

The axial angle a, calculated from the R and L values of Vi comes out as = 100' in extreme expiration and = 22" in extreme 
inspiration. 



Fig. 8.— The Case of J. C. W. Experiment 2. An oblique heart. Effect of extreme expiration upon the right and left lateral 
(inferior) records. 

The right lateral spike Vi is slightly increased, then diminished. 

The left lateral spike Vi, normally positive, is rendered negative by extreme expiration. 

The inferior axial angle a, calculated from the R and L values of Vi, comes out as = 12° in extreme inspiration, and = 86° in 
extreme expiration. 
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